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ROTATIONALLY SYMMETRICAL HIGH 
VOLTAGE PULSE TRANSFORMER WITH 

TESLA RESONANCE AND ENERGY 
RECOVERY 

TECHNICAL FIELD 

The present invention generally relates to high-voltage 
transformers and in particular transformers suitable as 
energy supply devices for electrodynamic particle accelera 
tors. 

BACKGROUND 

High-energy charged particles are used today for many 
purposes. General areas of application are e.g. medical 
treatment, steriliZation and material modi?cation. Common 
to all these methods is that charged particles have to be 
accelerated under controlled conditions to high energies. 

In the ?eld of particle accelerator devices, high voltages 
are the most common means to obtain accelerated charged 

particles. Charged particles, in most cases electrons, are 
emitted from a particle source, usually a ?lament. The 
particles are subjected to the ?eld of a high-voltage 
difference, and are thereby accelerated. The acceleration 
usually takes place in a vacuum environment, and in appli 
cations Where irradiation by the charged particles are to be 
performed under atmospheric pressure, the charged particles 
are alloWed to penetrate radiation WindoWs to escape into 
the atmospheric environment. 

There are tWo general approaches to achieve the high 
particle energies. The straight-forWard approach is to 
achieve a high voltage, preferably by a transformer. A 
relatively moderate voltage at the primary Winding of the 
transformer is transformed to a high voltage at the secondary 
Winding, Which voltage can be used for accelerating the 
charged particles. The most common Way is to use an 
ordinary transformer With an iron core. HoWever, When the 
voltage rises above 100 kV, the insulation problems become 
severe. 

Another approach is therefore often used for producing 
the high particle energies. This approach is based on micro 
Wave excitation. Such methods are generally expensive and 
require a lot of complicated and bulky equipment. 
Acommon problem With the above methods according to 

the state of the art is that the acceleration devices are large 
and expensive, Which makes it impossible to use them in a 
machine located in a standard production line for most 
purposes. 

There are several proposals for overcoming the limita 
tions of the transformer approach. Since the beam of par 
ticles normally is pulsed, the energy transformation in the 
transformer may utiliZe resonant behaviors of the equip 
ment. The US. Pat. No. 3,450,996 discloses an accelerator 
device including a Tesla coil transformer. The primary 
circuit of the Tesla transformer comprises the primary Wind 
ing and a capacitor, over Which the primary voltage is 
applied. The primary circuit has a certain resonant fre 
quency. A sWitch controls the current ?oWing through the 
primary Winding. The secondary circuit comprises the sec 
ondary Winding, stray capacitances and the load, all con 
nected in parallel. The secondary circuit also has a resonant 
frequency, Which is tuned to be identical With the resonant 
frequency of the primary circuit. 
When closing the sWitch, the voltage over the primary 

capacitance Will give rise to a current through the primary 
Winding. The current in the primary circuit gives rise to an 
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2 
electromagnetic ?eld, Which in turn induces a current in the 
secondary Winding. Avoltage over the load in the secondary 
circuit Will eventually build up. The resonant behavior 
ef?ciently transfers energy betWeen the primary and second 
ary circuits. When the peak voltage over the load in the 
secondary circuit is reached, a short pulse of high-energy 
particles can be produced. The rest of the energy in the 
double resonance circuitry is collected back in the primary 
circuit, the sWitch is opened and the voltage over the primary 
capacitance is alloWed to build up again. 

According to prior art, the method Works Well in theory, 
but gives rise to many problems When applying it into 
practice, at least for very high voltages. Avery high voltage 
on the secondary side requires a very high ratio betWeen the 
number of turns in the primary and secondary circuits. A 
huge number of secondary turns is not easily achievable, so 
the number of primary turns has to be limited. HoWever, a 
turns ratio above 100 is not easy to achieve according to the 
prior art. This means, for instance, that if a ?nal secondary 
voltage of above 1 MV is required, the voltage of the 
primary side has to be of the order of 10 kV. 

The insulation problems become severe, and an ordinary 
iron core design can not be used. In the patent US. Pat. No. 
3,450,996, a magnetic conductor is disposed outside the 
primary circuit, in order to insulate it from the high voltages 
of the secondary circuit. 

In order to operate the transformer of US. Pat. No. 
3,450,996, the sWitch has to be operable at high voltages, 
both for opening and for closing. If the pulse duration is 
short, this opening and closing has to be performed very 
accurately and fast. For handling voltages up to 10 kV, 
thyristor devices have to be used. HoWever, the opening 
times and precision for such equipment are limited, 
Furthermore, the devices have to recover after an opening 
before they can be closed again. This makes it necessary to 
incorporate complicated circuitry to accomplish the required 
high frequency sWitching. 

During recent years, the technology of IGBT (Integrated 
Gate Bipolar Transistor) has provided electronically con 
trolled high-voltage sWitches, Which can accomplish both 
relatively fast turn-on and turn-off With high precision. 
HoWever, today, the IGBT is limited to a maximum voltage 
of about 2 kV, Which makes them unsuitable for applications 
of very high-voltages. One solution Would in theory be to 
stack a number of IGBTs on top of each other, and control 
the turn-on and turn-off simultaneously. HoWever, When 
dealing With turn-on and turn-off times in the order of 
microseconds, the synchroniZation becomes a severe prob 
lem. If the time When each of the IGBTs is turned on is not 
the same, the total voltage over the stack Will be placed over 
the last IGBT to be turned on, Which is likely to lead to the 
destruction of this component. 

Devices for producing short pulses of high-voltage 
according to prior art are therefore expensive, bulky and 
require extremely complicated control electronics. 

SUMMARY 

The general object of the present invention is to provide 
a device and a method for producing high-voltage pulses by 
utiliZing an electrical transformer, Which device is relatively 
simple, cheap and small. 
A particular object of the present invention is to provide 

an electrical transformer, Which Works With a limited pri 
mary voltage, and Which gives rise to a large ratio betWeen 
primary and secondary voltage. Another object of the 
present invention is to provide a transformer, Which 
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improves the utilization of a Tesla resonance. A further 
object of the present invention is to provide an energy supply 
means for an electrodynamic particle accelerator, Which is 
operable With very high voltages. Another object of the 
present invention is to provide a method for producing short 
pulses of high voltage, Which requires less complicated 
control electronics. Yet another object of the present inven 
tion is to provide an achievable method for recovering any 
energy not used in a given pulse, for use in the neXt pulse, 
thus achieving high efficiency. 

The above objects are accomplished by devices and 
methods according to the enclosed claims. In general, an 
electrical transformer according to the invention comprises 
a primary Winding, a secondary Winding Which is electro 
magnetically coupled to the primary Winding, and charac 
teriZed in that the primary Winding consists of one single 
turn. 

In a general transformer according to the present 
invention, the single turn is formed by at least tWo sector 
segments of a rotationally symmetric body, over Which 
segments a voltage is applied. Preferably, the segments are 
equal in siZe, the voltages are equal in magnitude and one 
end of each segment is kept at ground potential. 
An energy supply means and an accelerator according to 

the present invention, the general transformer is of a Tesla 
type, Where a sWitch controlling the application of a voltage 
over a primary Winding has electronically controlled turn-on 
and turn-off. The electromagnetic coupling betWeen the 
primary coil and a secondary coil is preferably selected 
according to 

Where n and m are positive integers and n=m+1. The 
electronically controlled sWitches comprises preferably 
IGBT sWitches. 

The method according to the present invention comprises 
the step of applying a primary voltage simultaneously over 
at least tWo segments of a primary Winding. The method 
comprises preferably the step of disconnecting the voltage 
over the primary Winding When the secondary circuit con 
tains an electric energy of substantially Zero magnitude, 
thereby returning any energy not delivered to any secondary 
load to the primary circuit for use in the neXt pulse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together With further objects and advan 
tages thereof, may best be understood by making reference 
to the folloWing description taken together With the accom 
panying draWings, in Which: 

FIG. 1 is an illustration of the electrical connections of a 
Tesla transformer; 

FIG. 2 is a diagram illustrating the variation of voltages 
of the primary and secondary Windings in a Tesla trans 
former; 

FIG. 3 is a vieW of an embodiment of a transformer usable 
in the present invention; 

FIG. 4 is an illustration of the electrical connections of a 
primary Winding divided into sector segments according to 
the present invention; 

FIG. 5 is a vieW, partially in cross section, of a primary 
Winding according to the present invention; 

FIGS. 6a and 6b are illustrations of electrical connections 
in the voltage supply for a primary Winding divided in sector 
segments; 

FIG. 7 is a block diagram of an embodiment of an energy 
supply means according to the present invention; and 
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4 
FIG. 8 is a block diagram of an embodiment of an 

electrodynamic particle accelerator according to the present 
invention. 

DETAILED DESCRIPTION 

In FIG. 1, a general Tesla transformer design is illustrated. 
A DC poWer supply 1 provides a voltage over a primary 
capacitor 3 of a primary circuit 2. The primary circuit 2 
further comprises a primary Winding 5 and a sWitching 
means 4 connected in series With each other and in parallel 
With the primary capacitor 3 and the poWer supply 1. A 
secondary circuit 9, comprises a secondary Winding 6, Which 
is electromagnetically coupled to the primary Winding 5 by 
a certain coefficient k. In parallel With the secondary Wind 
ing 6 a secondary capacitor 7 and a load 8 is connected. Each 
one of the circuits 2, 9 has a resonant frequency, Which is 
tuned to be identical for the tWo circuits. 

By opening the sWitch means 4 the primary capacitor 3 
charges up to the voltage of the voltage supply 1. When the 
sWitch means 4 is closed, a primary current starts to flow 
through the primary coil 5, giving rise to an electromagnetic 
?eld, Which in turn in?uences the secondary coil 6 and 
induces a secondary current. The current through the sec 
ondary coil 6 charges up the secondary capacitor 7 and gives 
rise to a secondary voltage over the load 8. The load 8 may 
in a typical case be an electron beam accelerator arrange 
ment. Energy is thus transferred from the primary circuit 2 
to the secondary circuit 9. If the electromagnetic coupling 
coefficient betWeen the coils is selected in a certain manner, 
described beloW, there Will be a situation, Where a total 
energy transfer is made from the primary circuit 2 to the 
secondary circuit. 

FIG. 2 shoWs tWo diagrams, illustrating voltages over the 
primary and secondary capacitances as a function of time for 
a Tesla transformer having an electromagnetic coupling 
coefficient of 0.6. At the time t=0, the sWitch in the primary 
circuit is opened. The voltage over the primary capacitance 
drops and the voltage over the secondary capacitance 
increases. The primary capacitance voltage drops beloW 
Zero and reaches a negative peak value. At the same time, the 
secondary capacitance voltage goes through a positive peak 
value and decreases thereafter. If the electromagnetic cou 
pling coefficient is 0.6, there is a time t1, When the primary 
circuit voltage is Zero and the secondary circuit voltage at 
the same time reaches a maXimum deviation from Zero 
voltage. This means that the entire energy, originally avail 
able in the primary circuit has been transferred to the 
secondary circuit. As anyone skilled in the art understands, 
this reasoning is only valid for ideal resistance-less Windings 
etc. HoWever, also in practice, all energy, not Wasted as heat 
losses in the circuitry, is indeed transferred to the secondary 
circuit. 

If the electromagnetic actions are alloWed to continue, the 
folloWing process Will be exactly the opposite. That means, 
that at a time t2, all energy in the transformer is returned 
back. 

In the application of electrodynamic accelerators, it is 
requested to use the high voltage on the secondary side in 
order to accelerate electrons. In order to have a controllable 
and relatively monochromatic electron beam, the extraction 
of electrons is requested to be performed only during a short 
period around the voltage peak of the secondary circuit. In 
such a case, some energy is consumed at the secondary 
circuit during a short period around t1. This Will result in a 
decreased voltage of the primary and secondary circuits 
according to the dotted line in FIG. 2. 
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The basic principles of the Tesla transformer is known 
since earlier, but the use in high-voltage applications has 
mainly been restricted by the lack of suitable switching 
means. In order to achieve a high voltage, e.g. above 500 kV, 
at the secondary side, a requested solution Would be to use 
also a relatively high primary voltage, such as 5 to 10 kV. 
The ratio of the transformation may in such a case be 
relatively restricted, Which is of bene?t for the copper losses 
in the secondary circuit. The limited number of turns in the 
secondary Winding gives a loWer Winding inductance, Which 
results in a higher self-resonant frequency of the trans 
former. HoWever, no suitable sWitching means Were avail 
able for this solution. Furthermore, in order to increase the 
coupling betWeen the primary and secondary circuits, iron 
core or at least partly iron mediated transformers Were 
Wanted, despite the introduction of iron losses, in particular 
at high frequencies. HoWever, such transformers Were never 
used in any Wider applications due to the insulation prob 
lems occurring at voltages above about 100 kV. 

In order to build a transformer being able to provide high 
voltage pulses over 100 kV, and preferably over 1 MV, a 
totally neW approach has to be used. The iron core is 
excluded, Which reduces the coupling coef?cient betWeen 
the primary and secondary circuits. It is thus possible to use 
high secondary voltages Without complicated and expensive 
insulation means. This also has the bene?t of excluding the 
iron losses, Which are noticeable at high frequencies. 
Instead, the ratio of the transformation Was increased, 
increasing the copper losses, but alloWing for reducing the 
primary voltage. A transformer With a multi-turn primary 
Winding is knoWn in prior art. Atransformer With a primary 
Winding of only one single turn may, hoWever, also be used. 
The voltage over the primary Winding may also be further 
decreased by introducing also segmentation of the single 
turn, as described more in detail beloW. 

By doing this, the primary voltage may be reduced 
sufficiently in order to be able to use electronically con 
trolled sWitches, a choice Which earlier Was totally out of the 
question, due to the high primary voltage. Solid state 
sWitches, so called IGBT sWitches (Integrated Gate Bipolar 
Transistors). IGBT sWitches are noW available up to a 
maximum voltage of about 2 kV, Which makes them possible 
to use, together With the other features of the present 
invention. Furthermore, the relatively sloW turn-on rise 
times are preferably for high frequency applications, eg 
above 100 kHZ, compensated by additional sWitching 
devices, described more in detail beloW. 

In the Tesla transformer example of FIG. 2, the coupling 
coef?cient Was 0.6, Which may be dif?cult to achieve 
Without any iron core. HoWever, a Tesla transformer may 
operate in resonance for any coupling coefficient Which 
ful?lls the relation 

Where n and m are positive integers and n=m+1. The 0.6 case 
corresponds to the choice of n=2 and m=1. By instead 
selecting n=3 and m=2, giving a coupling coefficient of 
0.385, the Tesla transformer still operates in a resonant 
manner, giving a total energy transport to the secondary 
Winding. Such a coupling coef?cient is easily achievable 
also by air or vacuum core transformers. The resonance 
behavior Will then differ from the one shoWn in FIG. 2, 
presenting further oscillations before the maximum second 
ary voltage is reached. Also other choices of n and m are 
possible to use. 

FIG. 3 is a side vieW of an embodiment of a transformer 
arrangement adjusted to give giving a secondary peak volt 
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6 
age of 200 kV. A typical arrangement for a pulsed Tesla 
transformer is a secondary Winding 20, With a height Which 
is about equal to its diameter, surrounded by a conical 
primary Winding 22 of a single turn. This primary Winding 
rises to half the height of the secondary, and is formed in the 
shape of a holloW frustum of a cone. The loWer parts of the 
Windings are grounded, Which leads to that the voltage 
betWeen the top of the primary and the closest part of the 
secondary is about half the voltage of the secondary circuit. 
On top of the secondary Winding 20, the gun terminal 26, for 
Which the high voltage pulse is produced, is present. The 
secondary circuit comprises a capacitor in the form of the 
vacuum capacitance betWeen the secondary terminal and the 
vacuum tank. The inductance of the secondary Winding and 
this secondary capacitor determines the resonant frequency 
of the secondary circuit. The capacitance is normally in the 
order of 50 to 100 pF and a typical inductance may be 
around 5 H. The primary circuit is also provided With a 
capacitor, adjusted to give the same resonant frequency, 
together With the inductance of the primary Winding, as the 
secondary circuit resonant frequency. Typical values may 
here eg be 100 MF and 2.5 pH, Which gives a resonant 
frequency of 63 kHZ. 
The secondary Winding is preferably composed of tWo 

nested coaxial single-layer coils of copper Wire. Copper Wire 
is advantageously because of its sloW out-gassing in a 
vacuum. AWinding for 200 kV is about 10 cm high, and the 
diameter of the outer coil. The voltage betWeen the upper 
part of the primary cone and the closest part of the secondary 
is about 100 kV. If a maximum alloWed electrical ?eld is 40 
kV/cm, the coaxial geometry provides that the ratio betWeen 
the primary maximum diameter and the diameter of the 
secondary Winding has to be at least em. The angle betWeen 
the primary and secondary Winding then has to be about 33 
degrees. 
The primary turn is preferably capped by a stainless-steel 

ring 24, Which is split at one or more points around its 
circumference to prevent current from circulating around it 
and creating a shorted turn. The tubing that forms this ring 
24 should have a radius of 2—3 cm. Its function is to reduce 
the enhancement of electric ?eld a t the upper edge of the 
primary turn, and reduce the probability of vacuum break 
doWn along that edge. The ring 24 should be grounded to the 
vacuum tank With a loW-inductance conductor, i.e. short and 
Wide. This Will help to protect the primary driving system 
from damage. The high current in such an arc Will How to 
ground via the ring 24, and Will not pass into the primary 
driver system. For systems operating at even higher 
voltages, the cap may be formed by a couple of rings, 
grouped to resemble a single larger ring, to keep the local 
electric ?eld magnitude doWn. 
One important feature of the present invention is to reduce 

the maximum voltage necessary to drive the primary circuit. 
In order to produce an electromagnetic ?eld, Which induces 
a current in the secondary Winding, a voltage over the 
primary Winding, changing its magnitude in time, has to be 
present. HoWever, it is only the gradient of the potential, ie 
the derivative of the voltage, that determines the induced 
electromagnetic ?eld. The absolute values of the voltages 
are unimportant since any constant values disappear during 
derivation. An embodiment of the present invention there 
fore comprises a primary Winding of one single turn, Which 
single turn is divided in to sector segments. Each sector 
segment is provided With a voltage betWeen its ends The 
time derivative of the voltage over the segment gives an 
induced electromagnetic ?eld. In a preferred embodiment, 
the segments are equal in siZe, and are supplied With equal 
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voltages With equal time derivatives. The total effect of the 
voltage variation of the segments Will be approximately the 
same as if a continuous single turn Was used. 

FIG. 4 schematically illustrates the electrical connections 
of a primary Winding 22 according to an embodiment of the 
present invention, having a single turn With four sectors 
30—33. Each sector 30—33 is supplied With a voltage V and 
is grounded at one end. If the voltages are controlled With the 
same characteristics, the total primary Winding Will act as if 
there Was a continuous single turn, if the edge effects at the 
segment edges are neglected. HoWever, the maximum volt 
age present at the primary Winding is only one fourth of the 
one necessary for driving a continuous single turn, In this 
Way, the effective maximum voltage at the primary side can 
be kept loW. 

FIG. 5 illustrates a vieW of an embodiment of a primary 
Winding 22 possible to use in the present invention, having 
a single turn comprising tWo segments 40, 41. Aring cap 24 
is provided above the upper end of the segments, as 
described earlier. The segments 40, 41 are sector segments 
of a rotationally symmetric body, in this case a holloW 
frustum of a cone. The segments are provided With electrical 
connections 42—45, for applying a voltage over the segments 
40, 41. The voltage is applied betWeen a ?rst end and a 
second end, in circumferential direction. TWo of the elec 
trical connections are in this embodiment ground connec 
tions 42, 43, connecting a ?rst end of the segments 40, 41 to 
a ground plane 46, Which is kept at ground potential. The 
other connections 44, 45 connects a second end of the 
segments 40, 41 to a voltage V. The ?rst end of one segment 
is juxtaposed With the second end of the other segment. 

If the voltage over the primary Winding is kept loW, eg 
by segmenting the single primary turn, there are a feW 
possibilities to arrange for the primary sWitching means. The 
sWitching means of the present invention has electronically 
controlled turn-on and turn-off. By carefully controlling the 
turn-on of the primary voltage, the Tesla resonance can be 
started in a proper manner. By turning it off, When both the 
current and voltage are Zero in the secondary circuit, all 
energy, not used for the load or lost as copper losses or eddy 
currents, is returned to the primary capacitor for use in the 
next pulse. In this manner, the efficiency becomes very high, 
and the heat losses necessary to dissipate are loW. 
One possibility is to use IGBT sWitches in the sWitching 

means. IGBT sWitches of today may handle up to 2 kV and 
a considerable current. FIG. 6a illustrates an electrical 
connection scheme of a primary circuit With a primary 
Winding comprising tWo segments 54a and 54b connected in 
parallel. A DC poWer supply provides a voltage through a 
resistance 51 to a primary capacitor 52. A sWitching means 
53, preferably comprising an IGBT sWitch is connected in 
series With the segments 54a and 54b. One single IGBT 
sWitch then may operate both segments 54a, 54b. If the 
current through the segments 54a and 54b is large, an 
alternative connection shoWn in FIG. 6b is preferred. Here 
tWo sWitching means 53a and 53b are connected in series 
With one segment 54a and 54b, respectively, Which reduces 
the current ?oWing through each one of the IGBT sWitches. 
An energy supply means 70 according to one embodiment 

of the present invention is illustrated in FIG. 7. A driving 
circuit 71 is connected via a sWitching means 72 to a Tesla 
transformer 73. The output voltage from the Tesla trans 
former 73 constitutes the terminals of the energy supply 
means 70, and are connected to a load 74. The sWitching 
means 72 comprises an electronically controlled sWitch 60, 
preferably an IGBT sWitch, and control means 62 therefore. 

The Tesla transformer of the energy supply means of FIG. 
7 is preferably formed according to the discussions above. 

The main intended application ?eld of the present inven 
tion is particle accelerators. The energy transformation fea 
tures according to the present invention is suitable for 
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8 
accelerators With pulsed particle emission, Where the accel 
erating action is preformed by a time varying electric ?eld. 
Such particle accelerators may be denoted as electrodynamic 
accelerators. 
An electrodynamic accelerator device 80 according to the 

present invention is illustrated as a block scheme in FIG. 8. 
The actual design of the particle extraction means, the 
geometrical design of such parts and the mechanical and 
vacuum design can be any suitable technique used in the 
prior art, and is not the object of the present invention. The 
illustrated embodiment of the accelerator The electrody 
namic accelerator device 80 comprises an energy supply 
means 70, according to the above descriptions. The energy 
supply means 70 is connected to a particle gun assembly 81. 
The particle gun assembly 81 uses the high voltage of the 
energy supply means 70 to extract and accelerate charged 
particles, in particular electrons. The particle gun assembly 
81 comprises a particle source 82, typically an electron gun 
?lament, connected to one of the energy supply means 
connections, and an acceleration structure 83, Which typi 
cally may be constituted by eg an electrode connected to 
the vacuum enclosure. In a typical case, electrons are 
emitted from the particle source 82 and accelerated toWards 
the acceleration structure 83. Preferably, the particle gun 
assembly 81 also comprises acceleration control means 84, 
Which controls the particle emission from the particle source 
82. This may eg be realiZed by direct control of the particle 
source by a control connection 85 or by controlling a grid 
structure 86 prohibiting the particles to feel the accelerating 
potentials. Many suitable techniques to implement these 
features are available in prior art. The acceleration control 
means 84 is preferably synchroniZed With the control means 
62 of the energy supply means 70. 

It Will be understood by those skilled in the art that 
various modi?cations and changes may be made to the 
present invention Without departure from the scope thereof, 
Which is de?ned by the appended claims. 
What is claimed is: 
1. An electrical transformer comprising: 
a primary Winding, and 
a secondary Winding, electromagnetically coupled to said 

primary Winding, 
said primary Winding consisting of one single turn and 

being formed by at least tWo sector segments of a 
rotationally symmetric body. 

2. The electrical transformer according to claim 1, 
Wherein said sector segments comprise electrical connec 
tions for applying a sector segment voltage betWeen a ?rst 
end and a second end, in circumferential direction, of each 
one of said sector segments. 

3. The electrical transformer according to claim 2, 
Wherein said sector segments are of equal siZe and said 
sector segment voltages are of equal magnitude. 

4. The electrical transformer according to claim 3, 
Wherein said ?rst end of each one of said sector segments is 
kept at a common electric potential, Whereby said ?rst end 
of one sector segment is juxtaposed With said second end of 
another sector segment. 

5. The electrical transformer according to claim 4, 
Wherein said common electric is at ground potential. 

6. The electrical transformer according to claim 1, 
Wherein said sector segments are substantially sector seg 
ments of a holloW frustum of a cone. 

7. The electrical transformer according to claim 1, 
Wherein said electromagnetic coupling occurs in vacuum or 
a gas in the absence of a ferromagnetic core. 

8. An energy supply device comprising a voltage supply, 
and a transformer having 

a primary circuit having a primary Winding and connected 
to said voltage supply, and a sWitching means control 



6,163,242 

ling the application of a voltage of said voltage supply 
over said primary Winding, said primary circuit having 
a resonant frequency, 

a secondary circuit, having a secondary Winding, electro 
magnetically coupled to said primary Winding, said 
secondary circuit having the same resonant frequency 
as said primary circuit, 

said primary Winding consisting of one single turn, and 
being formed by at least tWo sector segments of a 
rotationally symmetric body, and 

said sWitching means has controlled turn-on and turn-off. 
9. The device according to claim 8, Wherein said electro 

magnetic coupling betWeen said primary Winding and said 
secondary Winding is selected substantially according to 

Where n and m are positive integers and n=m+1. 
10. The device according to claim 8, Wherein said sector 

segments comprise electrical connections for applying a 
sector segment voltage betWeen a ?rst end and a second end, 
in circumferential direction, of each one of said sector 
segments. 

11. The device according to claim 10, Wherein said sector 
segments are of equal siZe, and said sector segment voltages 
are of equal magnitude. 

12. The device according to claim 11, Wherein said ?rst 
end of each one of said sector segments is kept at a common 
electric potential, Whereby said ?rst end of one sector 
segment is juxtaposed With said second end of another sector 
segment. 

13. The device according to claim 12, Wherein said sector 
segment voltage is supplied by said voltage supply and in 
that said primary circuit comprises a number of sWitching 
means, having controlled turn-on and turn-off, each of said 
controlled sWitching means controls the application of said 
sector segment voltage to one of said sector segments. 

14. The device according to claim 13, Wherein said 
controlled sWitching means comprises an IGBT sWitch. 

15. An electrodynamic accelerator device, comprising a 
voltage supply, a particle gun assembly, and a transformer 
having 

a primary circuit having a primary Winding and being 
connected to said voltage supply, and a sWitching 
means controlling the application of a voltage of said 
voltage supply over said primary Winding, said primary 
circuit having a resonant frequency, 

a secondary circuit, having a secondary Winding, electro 
magnetically coupled to said primary Winding, said 
secondary circuit having the same resonance frequency 
as said primary circuit and being electrically connected 
to said particle gun assembly, 

said primary Winding consisting of one single turn, and 
being formed by at least tWo sector segments of a 
rotationally symmetric body, and 

said sWitching means has controlled turn-on and turn-off. 
16. The device according to claim 15, Wherein said 

electromagnetic coupling betWeen said primary Winding and 
said secondary Winding is selected substantially according to 

Where n and m are positive integers and n=m+1. 
17. The device according to claim 15, Wherein said sector 

segments comprise electrical connections for applying a 
sector segment voltage betWeen a ?rst end and a second end, 
in circumferential direction, of each one of said sector 
segments. 
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18. The device according to claim 17, Wherein said sector 

segments are of equal siZe, and said sector segment voltages 
are of equal magnitude. 

19. The device according to claim 18, Wherein said ?rst 
end of each one of said sector segments is kept at a common 
electric potential, Whereby said ?rst end of one sector 
segment is juxtaposed With said second end of another sector 
segment. 

20. The device according to claim 19, Wherein said sector 
segment voltage is supplied by said voltage supply arid in 
that said primary circuit comprises a number of sWitching 
means, having controlled turn-on and turn-off, each of said 
controlled sWitching means controls the application of said 
sector segment voltage to one of said sector segments. 

21. The device according to claim 20, Wherein said 
controlled sWitching means comprises an IGBT sWitch. 

22. A method for producing electrical pulses With a 
voltage above 100 kV, comprising the steps of: 

applying a primary voltage substantially simultaneously 
over each one of at least tWo sector segments of a 
primary Winding, giving rise to a primary current; 

producing an electromagnetic ?eld through said primary 
Winding; 

inducing a secondary current in a secondary Winding, by 
using electromagnetic coupling in vacuum or a gas in 
the absence of a ferromagnetic core, giving rise to a 
secondary voltage. 

23. The method for producing electrical pulses according 
to claim 22, further comprising the step of connecting one 
end of each of said sector segments to a common potential. 

24. The method for producing electrical pulses according 
to claim 23, Wherein said common potential is ground 
potential. 

25. The method for producing electrical pulses according 
to claim 22, Wherein said primary voltage of each one of said 
sector segments are equal. 

26. The method for producing electrical pulses according 
to claim 22, further comprising the step of tuning the 
resonance frequency of a primary circuit comprising said 
primary Winding and the resonance frequency of a second 
ary circuit comprising said secondary Winding to agree. 

27. The method for producing electrical pulses according 
to claim 26, further comprising the step of tuning the 
electromagnetic coupling betWeen said primary and second 
ary Winding according to 

Where n and m are positive integers and n=m+1. 
28. The method for producing electrical pulses according 

to claim 26, further comprising the step of disconnecting 
said primary Winding When said primary voltage is substan 
tially Zero. 

29. The method for producing electrical pulses according 
to claim 28, further comprising the step of returning any 
energy not delivered to a particle beam or lost in heat to said 
primary circuit for use in a neXt pulse. 

30. The method for producing electrical pulses according 
to claim 26, further comprising the step of disconnecting 
said primary Winding When said secondary circuit contains 
an electric energy of substantially Zero magnitude. 

31. The method for producing electrical pulses according 
to claim 30, further comprising the step of returning any 
energy not delivered to a particle beam or lost in heat to said 
primary circuit for use in a neXt pulse. 
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